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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with 1SQ,_ also take part in the work 1SO collaborates closely with the International Flectrotechnical
Commissipn (IEC) on all matters of electrotechnical standardization.

Internatiorjal Standards are drafted in accordance with the rules given in the ISO/IEC Directives,|Part 3.

Draft Interpational Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies cast|ng a vote.

Attention is drawn to the possibility that some of the elements of this International-Standard may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

Internationjal Standard 1SO 14937 was prepared by Technical Committee 1SO/TC 198, Sterilization gf health care
products.

Annexes A, B, C and D form a normative part of this International*Standard. Annexes E and ZA are fqr information
only.

© 1SO 2000 — Al rights reserved \
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Introduction

A sterile medical device is one which is free of viable microorganisms. When it is necessary to supply a sterile medical
device, International Standards specifying requirements for validation and routine control of sterilization processes
require that adventitious microbiological contamination of a medical device prior to sterilization be minimized. Even so,
medical devices produced under standard manufacturing conditions in accordance with the requirements for quality

systems (see,far example 1SO 13485 and ISO 13488) or which have been subjected to a cleaning proces

as part of

their reproce
numbers. Su
and thereby

The kinetics
medical dey
microorganis
always a finit|
treatment, th
environment
subjected to
in terms of th

This Internat

sing in a health care establishment may, prior to sterilization, have microorganisms on then; g
Ch products are non-sterile. The purpose of sterilization is to inactivate the microbiological co
ransform the non-sterile products into sterile ones.

pf inactivation of a pure culture of microorganisms by physical and/or chemical(agents used
ces can generally best be described by an exponential relationship hetween the n
ms surviving and the extent of treatment with the sterilizing agent. Inevitably this means th
b probability that a microorganism may survive regardless of the extent of-treatment applied. F
£ probability of survival is determined by the number and resistance“~0of microorganisms 4
n which the organisms exist during treatment. It follows that the sterility of any one product in a
terilization processing cannot be guaranteed, and the sterility of a\processed population has to
b probability of there being a viable microorganism present on gproduct.

ional Standard describes requirements which will erfable sterilizer manufacturers, medi

manufacture
appropriate

inactivation df microorganisms can be extrapolated with reasonable confidence to low levels of probabil

being a viabl
specify the
authorities arf

Generic requ|
the 1SO 9000
ISO 13488. |
reprocessing

and health care facilities to demonstrate that a process intended to sterilize medical d
icrobicidal activity, and that this activity is both reliable-and reproducible, such that the relation

microorganism present on a product after sterilization processing. This International Standar
aximal value to be taken by this probability; specification of this probability is a matter for
d may vary from country to country (see, forrexample, EN 556 and AAMI ST67).

rements of the quality system for design/development, production, installation and servicing &

Ibeit in low
htaminants

to sterilize
imbers of
at there is
For a given
Ind by the
population
be defined

Cal device
bvices has
Ehip for the
ty of there
d does not
regulatory

re given in

series and particular requirements for quality systems for medical device production in 1ISO
[he standards for quality systems recognize that, for certain processes used in manuf

product. Sterflization is an example of such a process. For this reason, sterilization processes are validated

performance
Exposure to

provision of 1
given to a nu

a)

of the sterilization process monitored routinely and the equipment maintained.

13485 and
cturing or

the effectiveness of the process cannot be fully verified by subsequent inspection and tegting of the

r use, the

 properly validated, accurately controlled sterilization process is not the only factor associatgd with the

Eliable assurance’that the product is sterile and, in this respect, suitable for its intended use.
mber of factars, including:

b) the valid

ttention is

for a maufactusing process, the microbiological status of incoming raw materials and/or components;

ption and routine control of the cleaning and disinfection procedures used during reprocessing;

c)

control of personnel and their hygiene; and,

d)

the control of the environment in which the product is manufactured, assembled and packaged, together with

the manner in which the items are packaged and the conditions under which the sterilized items are stored.

The type of contamination on a product to be sterilized varies, and this impacts upon the effectiveness of a sterilization
process. Products that have been used in a health care setting, and are being presented for resterilization in
accordance with the manufacturer's instructions, should be regarded as a special case. There is the potential for such
products to possess a wide range of contaminating microorganisms and residual inorganic and/or organic
contamination, in spite of the application of a cleaning process. Hence, particular attention is given to the validation and
control of the cleaning and disinfection processes used during reprocessing.

Vi © SO 2000 — All rights reserved
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Sterilization technology is at several levels of development and application. There are processes which are developed
and have been in use for appreciable periods, and there are processes which are being developed and introduced
either for sterilization of specific products or for general application. Furthermore, there may be processes which have
yet to be discovered. Experience has identified the requirements which are appropriate for existing sterilization
technologies, and these requirements have been specified in International Standards specific to each established
process. The intention in developing this International Standard is to use this experience to provide, for suppliers of
sterilization technologies, to their users and to regulatory authorities, a knowledge of the relevant general requirements
that will allow development of additional sterilization technologies to continue within a broad framework until sufficient
experience, confidence and demand exist to justify the preparation of a specific International Standard.

This International Standard has three distinct applications:

— for mimufacturers of health care products who wish to apply to their products a sterilization proces
i

speci

— form
Stand

— topro
The respo

Internation
specify to

¢ International Standard does not exist; and,

hnufacturers and users of sterilization systems in health care settings for whicima‘specific
ard does not exist; and,

vide a framework for the preparation or revision of standards for specific Sterilization process
hsibility for carrying out the activities required by this International Standard will vary from case

al Standard requires that the responsibilities of the various parties be defined (see 4.1.1)
vhom the responsibilities are allocated. Annex E provides guidarice ‘on allocation of responsibili

s for which a

International

es.

to case. This
but does not

Y.
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INTERNATIONAL STANDARD

ISO 14937:2000(E)

Sterilization of health care products — General requirements for
characterization of a sterilizing agent and the development,
validation and routine control of a sterilization process for medical

devices

1 Scope

1.1 Thig International Standard specifies general requirements for the characterization of a sterilizirlg agent, and
for the deyelopment, validation and routine control of a sterilization process for medical devices.

1.2 Thig International Standard applies to sterilization processes in whichimicroorganisms are inactivated by
physical apd/or chemical means.

1.3 Thig International Standard does not apply to processes <that rely solely on physical| removal of
microorgapisms (for example, filtration).

1.4 Thig International Standard does not describe detailed test¢rocedures for assessing microbial inpctivation.
1.5 Thig International Standard is intended to be applied by process developers, manufacturers df sterilization
equipmeny, manufacturers of medical devices to be sterilized and the organization with responsibility [for sterilizing

the medical device.

1.6  This
sterilizatio

NOTE 1
applied to d

NOTE 2
should not

bovine spo
countries fd

2 Norn

The follow

International Standard does not supersede or modify published International Standards
N processes.

Although the scope of this International Standard is limited to medical devices, the principles describe
ther health care products.

Sterilization processes.-validated and controlled in accordance with the requirements of this Internat]
be assumed to be effective in inactivating the causative agents of spongiform encephalopathies su
hgiform encephalopathy and Creutzfeld-Jakob disease. Specific recommendations have been producg
r the processing, of materials potentially contaminated with these agents.

hativereferences

ng_normative documents contain provisions which, through reference in this text, constitute

for particular

d may also be

onal Standard
Ch as scrapie,
bd in particular

provisions of

this International Standard. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this International Standard are encouraged to
investigate the possibility of applying the most recent editions of the normative documents indicated below. For
undated references, the latest edition of the normative document referred to applies. Members of ISO and IEC
maintain registers of currently valid International Standards.

ISO 10012-1, Quality assurance requirements for measuring equipment — Part 1: Metrological confirmation system
for measuring equipment.

ISO 10993-1, Biological evaluation of medical devices — Part 1: Evaluation and testing.

ISO 10993-17, Biological evaluation of medical devices — Part 17: Establishment of allowable limits for leachable
substances using health-based risk assessment.

© 1SO 2000 -
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ISO 11138-1

, Sterilization of health care products — Biological indicators — Part 1. General.

ISO 11140-1, Sterilization of health care products — Chemical indicators — Part 1: General requirements.

ISO 11737-1, Sterilization of medical devices — Microbiological methods — Part 1: Estimation of population of

microorganis

ms on products.

ISO 11737-2, Sterilization of medical devices — Microbiological methods — Part 2: Tests of sterility performed in
the validation of a sterilization process.

ISO 13485, Quality systems — Medical devices — Particular requirements for the application of ISO 9001.

ISO 13488, (

IEC 61010-1
General requ

3 Terms

Safety requirements for electrical equipment for measurement, control and laboratory use
irements.

and definitions

For the purpgses of this International Standard, the following terms and definitions apply.

3.1
bioburden
population off

3.2
biological in
microbiologid

3.3
change con
formal asses|

3.4

viable microorganisms on a product and/or a package

dicator
al test system providing a defined resistance to specified sterilization process

rol
sment and determination of the appropriateness of a proposed alteration to product or proce

chemical indlicator

system that o
resulting fron

35
developmen

eveals a change in one.or-more predefined process variables based on a chemical or physi
I exposure to a process

t

act of elaborting a spegification in preparation for validation

3.6
establish

Duality systems — Medical devices — Particular requirements for the application of ISO 9002.

b

— Part 1:

dure

al change

determine by

3.7
fault

theoreticatevatuatiormand confirmT by expernmentation

one or more of the process parameters which lies outside of its/their specified tolerance(s)

3.8

health care product
medical device, medicinal product (pharmaceuticals and biologics) or in vitro diagnostic medical device

© 1SO 2000 — All rights reserved
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installation qualification

IQ

obtaining and documenting evidence that equipment has been provided and installed in accordance with its
specification

3.10

material safety data sheet
document specifying the properties of a material, its potential hazardous effects for humans and the environment,
and the precautions necessary to handle and dispose of the material safely

3.11
medical dlivice

any instrument, apparatus, appliance material or other article, whether used alone or in combination,
software rjecessary for its proper application intended by the manufacturer to be used for human b

purpose of:

— diagnpsis, prevention, monitoring, treatment or alleviation of disease;

— diagnpsis, monitoring, treatment, alleviation of or compensation for an injury or handicap;

— investi

— contrd

and whic
immunolo

3.12

gation, replacement or modification of the anatomy or of a physiological process;
| of conception;

does not achieve its principal intended action~in or on the human body by pha
ical or metabolic means, but which may be assisted"in its function by such means

operationpl qualification

0oQ

process of

obtaining and documenting evidence that installed equipment operates within predetermine

used in accordance with its operational procedures

3.13

parametric release

declaratiof

that a product is_sterile, based on the records demonstrating that the process paral

delivered Yvithin specified tolerances

3.14
performan

PQ

process o

ce qualification

obtainihg and documenting evidence that the equipment, as installed and operated in acg

operationgl proeedures, consistently performs in accordance with predetermined criteria and thereby y

meeting it

including the
eings for the

macological,

d limits when

Imeters were

ordance with
ields product

cpaecificatinn

3.15

SPTTHTCTtroTT

process challenge device
item designed to simulate product to be sterilized and to constitute a defined challenge to the sterilization process,
and used to assess the effective performance of the process

3.16

process parameter
specified value for a process variable

NOTE The specification for a sterilization process includes the process parameters and their tolerances.

© 1SO 2000 — All rights reserved
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3.17
process variable
condition associated with a sterilization process, changes in which alter microbicidal effectiveness

NOTE Process variables may include, for example, time, temperature, pressure, concentration, humidity, wavelength.

3.18

recognized culture collection

international depository authority under the Budapest Treaty on ‘The International Recognition of the Deposit of
Microorganisms for the Purpose of Patent and Regulation’

3.19
reference mjcroorganism
microbial strain obtained from a recognized culture collection

3.20
requalificatipn
repetition of part of validation for the purpose of confirming the continued acceptability of a‘specified procgss

3.21
services

supplies from an external source, necessary for the correct functioning of stetilizing equipment
NOTE Examples of services are electricity, water, compressed air, and drainage.

3.22
specify
stipulate in dptail within an approved document

3.23
sterile

free from viaple microorganisms

3.24
sterility
state of being free from viable microorganisms

3.25
sterilization

validated process used to render a product free from viable microorganisms

3.26
sterilization|load

product to bg, orthat has been, sterilized together using a given sterilization process

3.27
sterilization process

series of actions or operations to achieve the specified requirements for sterility

NOTE This series of actions or operations includes pre-treatment (if necessary), exposure to the sterilizing agent under
defined conditions and any necessary post-treatment. It does not include any cleaning, disinfection or packaging operations that
precede the sterilization process.

3.28

sterilizing agent

physical or chemical entity, or combination of entities, that have sufficient microbicidal activity to achieve sterility
under defined conditions

4 © 1SO 2000 — Al rights reserved
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3.29
survivor curve

graphical representation of the inactivation of a population of microorganisms with increasing exposure to a
microbicidal agent under stated conditions

3.30
test for sterility

test defined in an official Pharmacopoeia for product release following exposure to a sterilization process

3.31
test of sterility

test performed as part of development, validation or requalification to establish the presence or absence of viable
microorgapisms on product units, or portions thereof

3.32
validation
documented procedure for obtaining, recording and interpreting the results required to.establish that 4 process will
consistently yield product complying with predetermined specifications

4 Quality system elements

4.1 Gerneral

The purpgse of the quality system is to define and document procedures, the implementation of whigch control all
stages of flevelopment, application and use of the sterilization\process. It is not a requirement of this|International
Standard {o have a complete quality system during design/development and production, but certain glements of a
guality system are required and these are normatively.referenced at appropriate places in the text] Attention is
drawn to SO 9001 and ISO 13485 which describe a.quality system. This International Standard doejs not require
third party|lassessment of the specified quality system-elements.

4.2 Asdgignment of responsibilities

42.1 Tlhe responsibility for performing each element of the procedures in this International Stanglard shall be
defined apd documented. Responsibility for each element may vary from case to case and this|International
Standard g¢loes not allocate responsibility for each element to particular parties.

The eleménts are: quality system; sterilizing agent characterization; process/equipment characterizdtion; product
definition; |process definition; validation; routine monitoring and control; product release from sterjlization; and
maintaining process effectiveness.

NOTE These elements are illustrated in Table E.1.

4.2.2 RTsponsibiIities shall be further assigned to qualified personnel as specified in ISO 13485 or I$O 13488.

NOTE 4.1.1, 4.1.2.2 and 4.18 of ISO 13485:1996 and ISO 13488:1996 detail requirements for management responsibility,
personnel and training.

4.3 Documentation and records

431 Documented procedures for each phase of the development, validation, routine monitoring and control
and product release from sterilization shall be prepared and implemented.

© I1SO 2000 — All rights reserved 5
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4.3.2 Documentation and records required by this International Standard shall be reviewed and approved by
designated personnel (see 4.1.2). A system shall be prepared, documented and maintained to control all
procedures and records required by this International Standard. This system shall comply with 1SO 13485 or

ISO 13488.

4.3.3

activities shall be retained.

Records of development, validation, routine monitoring and control and product release from sterilization

4.3.4  The records required by this International Standard shall be retained in accordance with 1ISO 13485 or
ISO 13488.
NOTE 4.4-6-6HS0-13485:1996-andHS0-13488-1996-detairequirermentsforretention-ofrecerds:

4.4 Designh control

Characterization of the sterilizing agent and sterilization process shall be undertaken .ifvyaccordan

documented

NOTE 4.4

4.5 Calibr

A documente
for the calibr
this Internati

5 Steriliz

5.1 Gene

The purpose|
factors which
materials, an
undertaken i
experimenta

5.2 Sterili

A specificati
conditions fo

plan. At defined stages, design reviews shall be planned, conducted and docuniented.

.6 of ISO 13485:1996 details requirements for design reviews.

ation

tion of all equipment, including instrumentation for test purposes, used in meeting the requi
nal Standard.

ing agent characterization

al

of this activity is to define the sterilizing agent, demonstrate its microbicidal effectiveness, i
influence microbicidal effectiveness, assess the effects that exposure to the sterilizing age
d identify requirements for saféty of personnel and protection of the environment. This activ
h a test or prototype system;:the final equipment specification (see 6.3) should be relatg
studies undertaken using any such test or prototype equipment.

zing agent

bn for the sterilizing agent shall be generated and documented. This shall include, if a
- storage to'‘maintain the sterilizing agent within its specification for the duration of any stated

ce with a

d system, complying with ISO 13485, ISO 13488 or ISO 10042-1, shall be established and naintained

ements of

dentify the
Nt have on
ty may be
ble to the

bpropriate,
shelf life.

5.3 Micropicidat-effectiveness
5.3.1 Microbicidal-effeetivenessstudies-shall
a) demonstrate the lethal action of the sterilizing agent against a representative range of microorganisms

selected in accordance with annex A,

b) establish an empirical mathematical relationship defining the microbial inactivation kinetics of identified
resistant microorganisms, and confirm that the probability of a microorganism surviving exposure to a defined
treatment can be validly predicted.

c) select reference microorganism(s), based on the microbial inactivation kinetics, which have known high
resistance(s) to the sterilizing agent for use in establishing the sterilization process,

6 © 1SO 2000 — Al rights reserved
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d) identify the process variables which affect the lethal action of the sterilizing agent and the interactions of these
process variables in relation to this lethal action,

e) assess those factors that can adversely affect the delivery and/or distribution of the sterilizing agent,

NOTE

Such factors may include, for example, the environment, packaging configuration(s), geometry,

residues from manufacturing, cleaning and/or disinfection.

materials and

f) assess those factors that can adversely influence the effectiveness of the sterilizing agent based upon physical
and/or chemical interactions.

NOTE[—Suctfactors may nctude;forexampte,nteractions withmateriatsandresidues—frommmanufactyring, cleaning

and/of

g) identify a means for terminating the activity of the sterilizing agent, if applicable.

53.2 T

shall be dgcumented.

5.4 Mat

54.1 T

and on their biological safety shall be assessed. The materials should e selected on the basis of thq

of the ster

542 T
of process

5.4.3 Tl
which the

5.5 Saf

disinfection.

e test method(s), acceptance criteria, test results and justification for the choice of test mi

erial effects

he effects of exposure to the sterilizing agent on the physical‘@nd/or chemical properties
lizing agent.

he effects of repeated exposure to the sterilizing agent, on properties of materials using the

parameters likely to maximize material effects shall‘be studied.

properties of materials were assessed beforé~and after exposure to the sterilizing agent.

bty and the environment

roorganisms

of materials,
likely usage

combination

he materials tested and the outcomes of all tests shall be documented, together with the cijiteria against

cumented for
| safety data
al studies on

pliberately or
br its control
entified) shall

5 guidance on

5.5.1 Either a material safety data sheet or analogous safety information shall be prepared and do
the steriliZing agent, its precursors (if-any) and any by-products of the sterilizing agent. This materig
sheet may be provided by a supplier for a chemical agent or be prepared as a prelude to experiment
the sterilizjng agent.

5.5.2 The potential impact on"the environment of any substance which could be released, either d
accidentally, during or fallewing use of the sterilizing agent shall be assessed and measures f
determinefl. This assessmént, including the potential impact (if any) and the measures for control (if id
be documented.

NOTE SO 14001 provides a specification for an environmental management system. ISO 14040 provide
designing 4 life"cycle assessment study.

6 Process and equipment characterization

6.1 General

The purpose of this activity is to define the entire sterilization process and the equipment necessary to deliver the
sterilization process safely and reproducibly.
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6.2 Proce

6.2.1

ss characterization

The process parameters, together with their tolerances, shall be established and documented. These

tolerances shall be based upon knowledge of the combination of process parameters yielding the minimum
acceptable microbicidal effectiveness, and shall yield acceptable product.

NOTE

excluded or minimized in ensuring the effectiveness of the sterilization process.

Means of monitoring and controlling the process variables shall be determined.

The establishment of the process parameters comprises the definition of process variables, including those that are

nsure the

6.2.2

6.2.3 Any
effectiveness
6.24 Any

the product g

treatment of prnrhmf that is roquirod prinr to exposure to the sterilization process to

of the process shall be defined and documented.

freatment of product that is required following exposure to the sterilizing agent to ensure th
hall be defined as part of the sterilization process and documented.

6.3 Equipjment characterization

6.3.1 The
parameters 3

6.3.2 The
a) physical
construg
b) specifica
precursd
c) descript
characts
d) faultrec
e) safety fg
f) installati
6.3.3  Softy

that provides
NOTE Att

6.3.4 Mea
of process p

specification for equipment to deliver the process within the tolerances stipulated for th
nd in a safe manner shall be established and documented.

specification shall include but is not limited to

description of the equipment, together with any necessary ancillary items, including m
tion,

rs necessary for its delivery,

on of instrumentation for monitoring and controlling the sterilization process, includi
ristics and locations, indicating and recording instruments,

bgnized by the sterilizing equipment;
atures, including those for personnel and environmental protection,
bn requirements, including for the control of emissions, if applicable.

vare used to controb and/or monitor the process shall be prepared in accordance with a qual
documented.evidence that the software meets its design intention.

ention is drawh to 1ISO 9000-3.

ns shall be provided to ensure that a failure in a control function does not lead to a failure ir
hrameters such that an ineffective process appears effective. This may be achieved either

b safety of

e process

aterials of

ition of the sterilizing agent and the means hy which it is provided, including any aglditives or

g sensor

ity system

recording
by the use

of independent Systems for conirol and monitoring, Oof a Cross-Check between control and monito
identifies any discrepancies and indicates a fault.

7 Product definition

7.1
product prior

7.2

to sterilization and the manner in which product is packaged and presented for sterilization.

be presented to the sterilizing agent, shall be defined and documented.

ing which

The purpose of this activity is to define the product to be sterilized, including the microbiological quality of the

Product to be sterilized, including the packaging materials to be used and the manner in which product is to
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Meeting this requirement could necessitate that appropriate information be provided to the organization
undertaking the sterilization process by the manufacturer of the medical device and the manufacturer of the

sterilization equipment.

7.3

7.4

effectiveng

The intent
Or reproce
with 1SO 1
controlled
sterilizatio

NOTE
are in the
cleaning an

8

8.1

defined pr

8.2
a)

b)

8.3

a)

b)

c)

8.4

8.5

8.6

8.7

A system shall be defined, documented and maintained to ensure that the condition of the product presented
for sterilization, including microbiological, organic and inorganic contamination levels, is controlled and does not
compromise the effectiveness of the sterilization process.

The effectiveness of the system defined in accordance with 7.3 shall be demonstrated. For medical devices
to be supplied for single use, this demonstration shall include estimation of bioburden in accordance with
ISO 11737-1. For medical devices to be reprocessed, this demonstration shall include assessment of the

fa¥a¥al

ha cnacifin PV 2PN 2N PN

Proo

The

The
if prad
delive
less Iq
to thig

If bi

comp
proce

be sh

be plg
achie

aoft deloanina And f A h dicinfactina nra~ncco
SS O thC—SpeomcoUtrean g, oo T appncaoic T Ofs e g prott oot

ssing procedures prior to sterilization. This can be achieved by employing a quality,syste
3485 or ISO 13488 throughout the manufacture of the medical device, or by employing a
cleaning process of demonstrated effectiveness, together with a disinfection procéss (if speq
h, and thereafter preventing recontamination of the medical device.

International Standards for equipment to be used in cleaning and disinfecting-medical devices prior
Course of preparation. These International Standards will include method$ t0 demonstrate the effe
d disinfecting process.

ess definition

purpose of this activity is to obtain a detailed specification for the sterilization process to
bduct (see clause 7), without compromising the safety, quality and performance of that prodd

sterilization process applicable for defined praduct shall be established. This shall be achiey
tical, demonstrating the attainment of the process parameters by measurements, and
ring the sterilizing agent under conditions so designed to represent increments of treatment
bthality than the intended sterilization process using one of the approaches outlined in anne
standard.

blogical indicators are used as part of the establishment of the sterilization process, these sh

y with 1SO 11138-1*and any subsequent parts of 1ISO 11138 which are applicable to th¢
5S,

bwn to beTresistant to the sterilizing agent relative to the bioburden of product to be sterilized

e.

on is that bioburden be stable and low, given the nature of the raw materials, product@nd npanufacturing

m complying
defined and
ified) prior to

to sterilization
Ctiveness of a

be applied to
ct.

ed by

s that deliver
esB,CorD

all

b sterilization

, and

iced at positions in product where it has been determined that sterilizing conditions are mgst difficult to

If chemical indicators are used as part of the establishment of the sterilization process, these shall comply
with ISO 11140-1 and any subsequent parts of ISO 11140 which are applicable to the process and shall be placed
at positions in product where it has been determined that sterilizing conditions are most difficult to achieve.

If tests of sterility are performed during the establishment of the sterilization process, such tests shall comply
with ISO 11737-2.

The biological safety of product following exposure to the sterilization process shall be established in
accordance with ISO 10993-1.

A health-based risk assessment shall be conducted in accordance with ISO 10993-17 to identify and
document limits for process residuals in product.
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8.8

(those) identified in accordance with 8.7.

8.9

following application of the specified sterilization process.

8.10 The specification for the sterilization process shall be documented.

9 Validation

If necessary, means shall be established to reduce level(s) of process residual(s) in product below that

It shall be demonstrated that the product meets its specified requirements for safety, quality and performance

9.1 Gene

The purpose
clause 8) ca
identified sta|

Installation q
been supplie

Operational
demonstrate
clause 8).

Performance
operates in g
specified req

9.2 Instal

9.2.1 Equipment

9.21.1
items, shall b

9.2.1.2
applicable to

9.2.1.3
procedures §

The complete specification of all equipment used to deliver the sterilizing agent, including arn

The operating procedures for the equipment shall be established and documented. These

al

of validation is to demonstrate that the sterilization process established in procéss-defi
N be delivered effectively and reproducibly to the sterilization load. Validation corsists of a
pes: installation qualification, operational qualification and performance qualification.

alification is undertaken to demonstrate that the sterilization equipmentand any ancillary i
0 and installed in accordance with their specification.

qualification is carried out either with unloaded equipment or using appropriate test n

the capability of the equipment to deliver the sterilization~ptocess that has been de

qualification is the stage of validation that uses product-to demonstrate that equipment c
ccordance with predetermined criteria and the process)produces product that is sterile and
Lirements.

ation qualification

e established and documented,

Bterilization equipment shall comply with IEC 61010-1 and any subsequent parts of IEC 610
the sterilization equipment.

hall include, but\are not limited to,

Step opefating instructions,

ditions, the manner in which they are indicated and actions to be taken,

nition (see
number of

ems have

haterial to
ined (see

pbnsistently
meets the

y ancillary

| 0 that are

operating

a) step-by-
b) fault corn
c)

d) detailso
9.2.2
9.221

instructions for maintenance and calibration, and

f contacts for technical support.

Installation

A specification shall be documented for the location in which the equipment is to be installed, including

any services required. Any special precautions and provisions shall be identified (for example, safety equipment).

9.2.2.2

and safety of personnel.

10

Instructions for installation shall be documented, and shall include instructions pertinent to the health
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Prior to installation qualification, the calibration status of all instrumentation (includ

instruments) used for monitoring, controlling, indicating or recording shall be confirmed (see 4.4).

9.2.2.4

9.2.25

ing any test

It shall be demonstrated that the equipment and any ancillary items, as installed, operate as intended.

If applicable, conditions for the safe storage of the sterilizing agent to ensure that its quality and
composition remain within specification shall be established and documented.

9.3 Operational qualification

9.3.1
used for nj

932 O
specified

9.4 Per

941 TH
establishe

9.4.2

9.4.3
within spe
positions

sterilizatio
predeterm

944 M
conditions
Extrapolat]
process, {
annexes H

9.45 Bi

=

946 |

be performed in accordance-with ISO 11737-2.

9.4.7 |

==

9.4.8
sterilizatio
exposures

Product used for performance qualification shall be packaged identically to that to be sterilized

Data shall be generated to demonstrate the attainment of the.defined physical and/or chemic

Performanee/qualification shall include a series of at least three consecutive exposures of p

Prior to operational qualification, the calibration status of all instrumentation (including any test instruments)

onitoring, controlling, indicating or recording shall be confirmed (see 4.4).

perational qualification shall demonstrate that the installed equipment is capable\of d
rocess (see 8.10) within defined tolerances.

formance qualification

e manner of presenting the product for sterilization, including theCerientation of prod
 and documented.

Cified tolerances, throughout the sterilization load. The relationship(s) between the conditions
used routinely to monitor the sterilization processZand those conditions occurring th
N load shall be established. This is achieved by detétmining the attainment of the specified ¢
ned positions throughout the sterilization load.

crobiological performance qualification studies shall comprise delivery of the sterilizing
on of the outcomes of such reduced_treatment(s) shall predict that, on application of th
he specified requirements for sterility will be met. The approaches to process definition
, C or D may also be employed in.microbiological performance qualification studies.

blogical indicators employed.during microbiological performance qualification shall comply w

est(s) of sterility are-performed on product subjected to conditions as specified in 9.4.4, su

Chemical indi€ators are used in performance qualification, they shall comply with 8.4.

N process, within defined tolerances, in order to demonstrate the reproducibility of the

elivering the

ict, shall be

routinely.

Al conditions,
occurring at
oughout the
pndition(s) at

agent under

designed so that the extent of treatment is reduced relative to that in the sterilizalion process.

sterilization
described in

th 8.3.

Ch tests shall

roduct to the
brocess. Any

outside of defined tolerances during performance qualification shall be reviewed, al

measures

determined and instituted hefore initiating anew series of exposures

l||d corrective

If failure can be attributed to factors not relevant to the effectiveness of the process being validated, this test may
be documented as unrelated to performance of the process without requiring three further consecutive successful

runs.

EXAMPLES

monitoring equipment.

9.4.9

This type of failure may include, but is not limited to, power failures, loss of services or failure of external

The levels of any process residues following exposure to the upper tolerances of the process parameters

shall be demonstrated as being below the specified limits identified in the health-based risk assessment (see 8.7).

9.4.10

following application of the defined process at the upper tolerances of the process parameters.

© 1SO 2000 -
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9.5 Review and approval of validation

9.5.1 The purpose of this activity is to undertake and document a review of the validation data to confirm the
acceptability of the sterilization process and to approve the process specification.

9.5.2 Information gathered or produced during installation qualification, operational qualification and performance
gualification shall be documented and reviewed for acceptability (see also 4.1 and 4.2). The results of this review
shall be documented.

9.5.3 A complete process specification, including the process parameters and their tolerances shall be
confirmed. This process specification shall also include the criteria for designating an individual sterilization process
used for a pgrticutar-steritizationtoadas—conforming:

10 Routirle monitoring and control

10.1 The pyrpose of routine monitoring and control is to demonstrate that the validated and specified qterilization
process has peen delivered to the product.

10.2 There [shall be evidence through measurements, supplemented as necessafy by biological inglicators or
chemical ind|cators, that the sterilization process was delivered within the definedytolerances (see also 9.4.3).

10.3 Data shall be recorded to demonstrate the attainment of process parameters.
10.4 All recprds shall be retained in accordance with 4.2.4.
10.5 If biolggical indicators are used in routine monitoring, they<shall comply with 8.3 a) and b).

10.6 If chemical indicators are used in routine monitofing, they shall comply with ISO 11140-1 and any
subsequent parts of ISO 11140 that are applicable to the process.

11 Produft release from sterilization

11.1 A docUimented procedure(s) for product release from sterilization shall be defined and implemgnted. This
procedure(s)| shall define the criteria- (see 9.5.3) for designating a sterilization process as conforming to its
specification

11.2 If biolggical indicators er.chemical indicators are used to monitor the sterilization process (se¢ 10.5 and
10.6), the repults from expasure of these indicators shall be included within the criteria for product release from
sterilization.

11.3 |If the ¢riteria.specified in 11.1 are not met, product shall be considered as non-conforming and pandled in
accordance \vith documented procedures (see 4.2).

12 Maintaining process effectiveness

12.1 General

12.1.1 The continued effectiveness of the system for ensuring the condition of the product presented for
sterilization (see 7.3) shall be demonstrated. This may include, for example, routine monitoring of product
bioburden and/or monitoring the effectiveness of the cleaning process.

12.1.2 The accuracy and reliability of the instrumentation used to control and monitor the sterilization process
shall be verified periodically in accordance with 4.4.
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ntenance of equipment

12.2.1 Preventative maintenance shall be planned and performed in accordance with documented procedures.
The procedure for each planned maintenance task and the frequency at which it is to be carried out shall be
specified and documented.

12.2.2 Equipment shall not be used to process product until all specified maintenance tasks have been
satisfactorily completed and recorded.

12.2.3 Records of maintenance shall be retained.

12.2.4 Tt
periodicall

12.3 Red

12.3.1 Requalification of a sterilization process carried out with specified equipment shall-be perform

intervals.

12.3.2 Requalification report(s) shall be documented and retained in accordance with 4.2.3.

12.3.3 Requalification data shall be reviewed against specified aceeptance criteria in accg

document
the specifi

12.4 AsS

A change
sterilizing
process.

including t

The magn
qualificatig

The extent of qualification that is necessary shall be determined. The outcome of the

e Iaintenance Sthenme, Taintenance procedures and maimntenarnce records sttt
y by a designated person. The results of the review shall be documented.

ualification

bd procedures. Records of reviews of requalification data, angheorrective actions taken in t
2d acceptance criteria are not met, shall be retained (see 4.2.3 and 4.2.4).

essment of change

to equipment, product, packaging or presentation of product for sterilization, or a modifi
agent and/or its presentation, shall be assessed for impact on the effectiveness of thg

he rationale for decisions reached, shallibe’ documented.

tude of the change is considered indetermining the extent to which installation qualificatior
n or performance qualification is ‘undertaken.

be reviewed

bd at defined

rdance with
ne event that

cation to the
sterilization
assessment,

, operational
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Annex A
(normative)

Factors to be considered in selection of microorganisms for demonstrating

microbicidal effectiveness

A.1 Gene
This annex
microbicidal

in such studi
microorganig

A.2 Data

The data ob

can be emplgyed as a representative model of high resistance during process characterization studies.

A.3 Selec
The selectio
sterilizing ag
a)

scientifig
b) knownr
c)

mycoba
d) species

which it
e) species

process
NOTE 1 TH

known high resistance to the sterilizing agent.or an expectation of a high resistance from infg

representative species of aerobicand anaerobic Gram positive and Gram negative bacteria, bacte

al

bffectiveness of a sterilizing agent. Table A.1 gives examples of microorganisms that may b
s, Table A.1 is not exhaustive and, for a new sterilization process, it should not’he assum
Ims listed in Table A.1 will be the most resistant.

ained in the demonstration of microbicidal effectiveness should establish whether a bact

lion of microorganisms
h of species of microorganisms to be used n* demonstrating the microbicidal effective
bnt shall take account of all of the following fagtors:

literature or a knowledge of the mode-of action of the sterilizing agent;

bsistance to well-characterizedssterilization processes;

Cteria, fungi including spore forms and yeasts, parasites and viruses;

that might be present as a result of the materials of construction of the product or the envi
s manufactured;

that have\been isolated during estimations of bioburden undertaken on typical prod
pd.

e/information obtained in A.3 b) is to provide a comparison with other sterilization processes and to

presents the factors to be considered in selecting microorganisms used in demonsfrating the

e included
pd that the

brial spore

ness of a

rmation in

al spores,

onment in

uct to be

ensure that

well-character

zad micragraanicme ara includad in tha ctuidiac
G HaSHSafre- et aHte-Stdeies:

NOTE 2

Inactivation of viruses and parasites [see A.3 c)] is a particular consideration in processes used to sterilize products

containing material of animal origin (see also EN 1244-3), as well as in resterilizing medical devices in health care facilities.

NOTE 3

product can be modified by recultivation.

14

In considering the information from A.3 e), it should be noted that the resistance of microorganisms isolated from
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Table A.1 — Examples of potential test microorganisms
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Bacterial spores

Bacillus subtilis var. niger
Bacillus stearothermophilus

Clostridium sporogenes

Vegetative bacteria

Staphylococcus aureus
Salmonella choleraesuis

Pseudomonas aeruginosa

Fungi

T i\,huphytuu el ﬁagluphytca (vvith buuidia)
Candida spp.

Mycobpacteria Mycobacterium terrae

Nonlipid viruses Hepatitis A
Parvovirus

Poliovirus type 1 (attenuated)

Lipid yiruses

Herpes simplex

Paradites

Cryptosporidium parvum

informpative only.

knowr.

NOTE|1 This table is not intended to be a comprehensive list of microorganisms that have to be evaldated and
should not be assumed to cover all the factors specified above for any particular sterilization process. Thig table is

NOTE|2 Viral culture may use any suitable cell line which is<fraceable and for which the number of pasqage(s) is

© 1SO 2000 — All rights reserved
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Annex B
(normative)

Approach 1 — Process definition based on inactivation of the microbial
population in its natural state

B.1 Generat

Methods 1 apd 2 in annex B of ISO 11137:1995 + Corrigendum 1:1997 are examples of process,definition based
on inactivatign of the microbial population in its natural state.

This approagh has been described as a “bioburden-based method”.

B.2 Samplling

Product selegted for studies on process definition shall be representative of r0Utine production.

B.3 Procdgdure
Expose product to the sterilizing agent in predetermined increment(s) of the anticipated sterilizatiop process.
Establish thg required accuracy and precision of increments; and control and monitor the delivery of thqg sterilizing
agent to megqt defined limits.

Following exposure to the sterilizing agent, subject/product individually to the test of sterility in accorgance with
ISO 11737-2

To define the sterilizing process, use knowledge of the relationship between the proportion of productg exhibiting
no growth in ftests of sterility and the extentof exposure to the sterilizing agent.

B.4 Follow-up

Confirm the ¢ontinued appropriateness of the sterilization process at defined intervals using product repilesentative
of routine prqduction.

16 © 1SO 2000 — Al rights reserved


https://standardsiso.com/api/?name=1498bdcd201cace5f0b69ca61d24f416

ISO 14937:2000(E)

Annex C
(normative)

Approach 2 — Process definition based on inactivation of reference
microorganisms and knowledge of bioburden on product items

to be sterilized

C.1 Ger

eral

This apprpach has been referred to as the “combined biological indicator/bioburden method”. Guid

approach

C.2 Pro

can be found in ISO 14161.

cedure

Establish the location within the product at which sterility is most difficult to,achieve.

Create a
resistance
a) placin

achie
b) inocu

organ
If the prod

this packaj

challenge to the sterilization process, comprising a known number of microorganisms
to the sterilizing agent, by one of the following approaches:

g biological indicators within the product at position(s) where sterilizing conditions are mg
e;

ating the position(s) within product where stetilizing conditions are most difficult to achieve w
sms.

Lct is inoculated in this manner, it can-be considered to be a biological indicator. Subclause
ped, inoculated product to meet the_requirements of ISO 11138.

Package the challenge, created in accordance with the list above, in the same manner as produ

routinely a

Expose th
conditions

Determine
number te|

Calculate

nd included within the sterilization load.

e sterilization load to-the sterilizing agent under conditions selected to deliver less lethalit
to be used routingly; such that not all the reference microorganisms have been inactivated.

the number_ ef microorganisms surviving, either by direct enumeration or estimated by a n
Chnique.

he rate of inactivation of the reference microorganisms.

ance on this

with known

st difficult to

ith reference

8.3 requires

cts produced

y than those

ost probable

From a k

g ol £ ol loied ! Vi bolalal (I ! HY P 2 LY () + £ 4
IOwWIicuyc Ut uic Diopuructt (Cataunisrieu 1 adavturudarice witlht 7.5) 4l uic Tatc Ur 1iiact

vation of the

reference microorganisms, determine the extent of treatment required to achieve the specified requirements for

sterility.
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Annex D
(normative)

Approach 3 — Conservative process definition based on inactivation of

reference microorganisms

D.1 Gene

This approa
health care €
that adopted
preprocessin|
applied in th
the specifie

dI
this approac

D.2 Procs
D.2.1 Dete

Create a ch
resistance to
a) placing
achieve;
b) inoculati
organisr

If the produc
this package

Package the
routinely and

D.2.2 Expd
treatment.

D.2.3 Iden

al

requirements for sterility. This approach has been referred to as the “averkill approach”. G
can be found in 1ISO 14161.

dure
rmine the position(s) within product where it is most difficult to achieve sterilizing conditions.

allenge to the sterilization process containing a<known number of microorganisms wi
the sterilizing agent by one of the following approaches:

biological indicators within the product at position(s) where sterilizing conditions are most
hg the position(s) within product where sterilizing conditions are most difficult to achieve with
nS.

is inoculated in this manner, it can be considered to be a biological indicator. Subclause 8
H, inoculated product to_meet the requirements of ISO 11138.

challenge, created. in accordance with the list above, in the same manner as products|
included within-the/sterilization load.

se the sterilization load to the sterilizing agent under conditions designed to deliver a reduc

ify-the’extent of treatment that inactivates 108 microorganisms.

h to process definition has been widely employed particularly for products to be,ré-prgcessed in
stablishments. Qualifying a sterilization process for such products employs an approach different from
with virgin product. This is because the challenge to the sterilization process is” djfficult to flefine and
g treatments such as cleaning are difficult to validate and control. Therefore, sterilization |processes
se situations are often conservative and employ a treatment that may exceed that required fto achieve

idance on

h defined

difficult to

reference

3 requires

produced

ed level of

NOTE

the treatment after which no surviving microorganisms are recovered.

D.2.4 Repeat exposure to the level of treatment identified in D.2.3 on at least two further occasions.

D.2.5

With an initial challenge of 108 viable microorganisms, this extent of treatment can be identified conservatively as

If the inactivation of 108 microorganisms has been confirmed following D.2.4, determine the extent of

treatment for the sterilization process by extrapolation to a predicted probability of a surviving microorganism of
106 or better, taking into account the nature of the inactivation kinetics of the sterilizing agent and the number and

resistance of

18

the microorganisms on the biological indicator.
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This approach is best suited to sterilization processes which demonstrate linear inactivation kinetics. In such cases
the extent of treatment can be defined conservatively as twice that employed in D.2.4. For sterilization processes
that do not demonstrate linear inactivation kinetics, the exact nature of the inactivation kinetics shall be established
in order to derive a relationship to use for the extrapolation.

NOTE A knowledge of the inactivation kinetics can be obtained as in 5.3 b), and may be modified by the influence of
product.

© 1SO 2000 - All rights reserved 19
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Annex E
(informative)

Guidance on application of this International Standard

E.1 General

The guidan

c
Standard. T?tais guidance is intended to assist in obtaining a uniform understanding and implententat

standard, by
It highlights
used, providi

E.2 Qualif
E.2.1 Assi

E.21.1 Ge¢
The develop
parties, each
elements to
defined and
should be wj
relationship.

Table E.1 illy
responsible f
a) the elen
b) respons

The organiz
appropriately

In order to i
These scenad

given in this annex is not intended as a checklist for assessing compliance with this\Ih
providing explanations and acceptable methods for achieving compliance with specified req

mportant aspects and provides examples. Methods other than those given in the guidan
ng their performance achieves compliance with this International Standard.

y system elements
jnment of responsibilities

neral

ment, validation and routine control of a sterilization-process is likely to involve a number g
of whom is responsible for certain elements. This\International Standard does not require
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bresented.

E.2.1.2 He

ftircare facitity

In this scenario, the user of the sterilization process is a health care facility. Three parties are involved in complying
with this International Standard: the health care facility, the sterilizer manufacturer and the medical device
manufacturer. The assignment of responsibilities, and the means used to undertake these responsibilities, might be

as follows.

a) Quality system

Each party has its own quality system. The limits of responsibility of each party are laid down in formal
contracts.
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b) Sterilizing agent characterization
The health care facility has agreed a contract to purchase a sterilization system from a sterilizer manufacturer;
this sterilizer manufacturer accepts responsibility for sterilizing agent characterization and has the resultant
data on file. The health care facility has access to these data and, prior to making the decision to purchase,
has reviewed the manufacturer’'s data and the data available in the published scientific literature.

c) Process/equipment characterization
The sterilizer manufacturer has undertaken the process/equipment characterization, developed the equipment
specification and has the necessary regulatory approval to place the product onto the market. The health care
facilityreviews-the—egtipmentspecificationto—confirmthatit-has-theservicesantnfrastractdrenecessary to
operate the sterilizing equipment.

d) Proddct definition
The health care facility has identified the medical devices that it intends to reprocess. The ingtructions for
reprog¢essing these medical devices provided by the manufacturer include instructions for ¢leaning and
disinfg¢ction, and confirm that the proposed method for sterilization is appropriate. The medical device
manufacturer has undertaken process definition studies in collaboration Wwith the sterilizer manufacturer in
order|to substantiate the reprocessing instructions provided. The health*care facility reviews ity data on the
effectlveness of its cleaning processes and confirms they are adequate for the particular device(s) and
sterilization process.

e) Procgss definition
The sterilizer manufacturer and the medical device manufaeturer have collaborated to define the sterilization
proceps for these particular medical devices and have, included the relevant instructions within jeach of their
instruftions for use. The necessary regulatory approvals have been obtained. The health care fgcility reviews
the dgcumentation and confirms that it has the capability to follow these instructions.

f)  Validgtion
The health care facility agrees, by eontract with the sterilizer manufacturer, to undertake installation
qualification and operational qualification, in accordance with documented procedures. The health care facility
undertakes performance qualification*and then reviews and approves the validation exercise.

g) Routine monitoring and contre|
The Realth care facilitg-undertakes the routine control and monitoring in accordance with its|documented
procefures.

h) Prodyct releasefrom sterilization
The Health ‘\care facility undertakes the product release from sterilization in accordance with its|documented
procepures.

i)  Maintaining process effectiveness

© 1SO 2000 — All rights reserved

The health care facility accepts responsibility for maintaining process effectiveness. It agrees by contract with
the sterilizer manufacturer to undertake planned preventative maintenance and calibration. It defines
procedures for requalification. The health care facility defines procedures for the periodic reassessment of the
effectiveness of its cleaning and disinfection processes.
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E.2.1.3 Medical device manufacturer using in-house facilities

In this scenario, the user of the sterilization process is a manufacturer of single-use medical devices who is
installing in-house facilities for sterilization. The parties involved are the medical device manufacturer and the
sterilizer manufacturer. The allocation of responsibilities might be as follows.

a) Quality system

Each party has its own quality system. The limits of responsibility of each party are laid down in formal
contracts.

b) Sterilizi g-agent characterization

The stelflizer manufacturer has undertaken the sterilizing agent characterization and made the.data available
to the medical device manufacturer.

c) Process[equipment characterization

The stefilizer manufacturer has developed an equipment specification, including a control systgm for the
equipmgnt, which is capable of being programmed to deliver a predefined process:

d) Product (definition
The medical device manufacturer is responsible for the specification of'the product and its manufactyre.
e) Process|definition
The meglical device manufacturer defines a process for thé{ particular medical device(s) to be sterjlized. The
medical [device manufacturer undertakes the biological safety assessments and product compatibility studies.
These sjudies are conducted using experimental steriliZation equipment.

f)  Validatign

The medlical device manufacturer undertakes validation using the sterilization equipment to be used routinely,
confirming that it is capable of delivering the-defined sterilization process.

g) Routine control and monitoring

This is cprried out by the medigal device manufacturer in accordance with documented procedures.
h) Product felease from sterilization

This is carried out by ‘thie medical device manufacturer in accordance with documented procedures.
i) Maintaining process effectiveness

This is cprried out by the medical device manufacturer in accordance with documented procedures.

E.2.1.4 Medical device manufacturer using a sterilization subcontractor

In this scenario, the user of the sterilization process is a manufacturer of single-use medical devices who is using a
sterilization subcontractor to deliver the sterilization process. Additionally, the medical device manufacturer is using
a contract laboratory to undertake defined testing as part of the product release procedures. The parties involved
are the medical device manufacturer, the sterilization subcontractor and the contract laboratory. The allocation of
responsibilities might be as follows:

a) Quality system

Each party has its own quality system. The limits of responsibility of each party are laid down in formal
contracts.
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Sterilizing agent characterization

The sterilization subcontractor has licensed the sterilization process from a separate organization who
characterized and developed the sterilization process. The process developer has undertaken the sterilizing
agent characterization and made the resultant data available to the sterilization subcontractor and the medical
device manufacturer.

Process/equipment characterization

The sterilization subcontractor has developed an equipment specification, including a control system for the
equipment, which is capable of being programmed to deliver a predefined process. A sterilizer manufacturer

has b
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E.2.2 Personnel

The level of qualification, training and experience required by personnel at various levels will depend upon the activities
being performed. General guidance on training as part of the overall system of quality assurance is given in ISO 9004.

Particular qualifications and training are appropriate for personnel with the following responsibilities: microbiological
testing; chemical analysis and formulation; installation of equipment; equipment maintenance; physical performance
qualification; routine sterilizer operation; calibration; process design; equipment specification.
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E.3 Sterili

zing agent characterization

E.3.1 Neutralization

Before commencing any investigation of microbial inactivation, it is necessary to ensure that the results of the
investigation are not influenced adversely by microbicidal or microbiostatic effects due to carry-over of the sterilizing
agent or its residual derivatives into the recovery system; such effects can be reduced by

a) dilution of the sterilizing agent,

b) removal

of the sterilizing agent by filtration, or

C) inactivaf]
If a secondar
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included to d
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btermine the effect of the sterilizing agent on the cell culture system used for detection of test
, if any, with a low level (approximately 10) of microorganisms will show that the enumeratid

bf neutralizing system is influenced by the nature of the sterilizing agent. The effectiven
m should be demonstrated prior to the commencement of inactivation studies.
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Hefinition of the sterilizing agent and\the associated process and equipment sufficient to es
reproducible conditions for microbial inactivation studies. This activity should be document

and validate methods for the growth of microorganisms and their inoculation onto

b to the sterilizing agent. These procedures include recovery and enumeration of microorgal
brs, and estimation of the-fraction of exposed carriers rendered sterile. The necessity for ne
es of the sterilizing.agent should be considered (see E.3.1);

e microbicidakactivity of the sterilizing agent against different types of microorganisms;

identify & highly resistant microorganism(s) appropriate for detailed microbial inactivation studies;

blish and

rriers for
isms from
Itralization

highly resistant microorganism(s), characterize the microbicidal activity of the sterilizi
b (concentration/potency, exposure time/dose, and/or other variables that could affect the

agent in

n
anicrobicidaI

activity;

using the inactivation data obtained with the highly resistant microorganism(s), define the kinetics of microbial

inactivation and demonstrate that the attainment of a probability of a microorganism surviving a defined
treatment can be calculated. Confirm that the lethal action can be extrapolated validly to predict the probability
of a microorganism surviving exposure to a defined treatment.

E.3.2.2 Sterilizing agent and associated equipment

E.3.2.2.1

Studies on sterilizing agent characterization may be performed with laboratory, prototype, or routine

production-type equipment. For each situation, sufficient definition of the sterilizing agent and the associated
process(es) and equipment is required in order to ensure reproducible conditions for microbial inactivation studies.
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E.3.2.2.2 Consideration should be given to reproducible set-up and operation of equipment and the monitoring
and control of variables that can affect the outcome of the microbial inactivation studies. Operational aspects of
inactivation studies vary according to the complexity of the overall system. For example, inactivation studies with a
liquid chemical sterilizing agent performed in a "test tube" will be, by nature, much less complex than those with a
gas plasma agent.

E.3.2.2.3 Regardless of the complexity of the process, the set-up for each study should be documented; any
changes to the set-up and their impact on the outcome of microbial inactivation studies should be assessed and
documented. Operation of the equipment and the performance of studies should preferably be conducted in
accordance with a previously written procedure. Data defining the conditions of exposure to the sterilizing agent
should be documented together with the microbiological and any other test measurements.
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Development of microbiological methods and their validation

Microbial inactivation studies require the use of test methods validated for the specific ste
design and validation of the test methods, particular attention should be paid-to test cqg
burious data arising from, for example, inadequate recovery conditions, the jocéurrence of
positives. Residual microorganism inactivation due to delay in testing arising, for example,
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E.3.2.4 Microbial inactivation studies

E.3.24.1

a)

Studies of microbial inactivation are both qualitative and quantitative in nature. The qualitative studies
test the activity of the candidate sterilizing agent against a range of microorganisms. The purpose of these studies
is two-fold:

to demonstrate that a range of different types of microorganisms are sensitive, to some degree, to the action of
the sterilizing agent;

b) to identify one or more highly resistant microorganisms for more quantitative inactivation studies.
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E.3.2.4.2 If, during these studies, bacterial spores are found to be essentially insensitive to the action of the
candidate sterilizing agent, its use for sterilization applications is not permissible although other antimicrobial uses
may exist (e.g low-level disinfection).

E.3.2.4.3 The quantitative microbial inactivation studies demonstrate that the sterilizing agent, when applied in a
defined manner, can reliably yield a calculable probability of a surviving microorganism. These studies generally
involve the use of graded exposure to or contact with the sterilizing agent to generate survival data defining the
inactivation of the previously identified highly resistant microorganism(s). To define the upper section of the
microbial survival curve, direct enumeration methods are generally used. For the section of the curve where there
is a low probability of survivors occuring, fraction negative data are employed. In the construction of such survival
curves, the practical lower I|m|t of estlmatlon of average numbers of surwvmg mlcroorgamsms is 0, 01 The extent of
treatment to [provide olation. In
situations where the survival curve is Iog -linear, i.e. a plot on semi-log paper yields a straight line, thls exrapolation
is readily performed. A curve that is concave in relation to the x-axis can yield a somewhat conservative g¢stimate of
the extent of treatment. Caution has to be used if the microbial inactivation studies indicate a-result that is best
approximated by a survivor curve that is convex in relation to the x-axis.

E.3.2.4.4 [urther information can be found in the references cited in the Bibliography.

E.4 Product definition
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describes product considerations that are addressed when evaluating a sterilization proce
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adversely affect the integrity of medical devices and packages. Some packaging materials a
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uent(s). The product.design has to ensure that functionality and safety are not compromised b
hted range of sterilization conditions. Typically, the maximum conditions would represent the m

ss. These
n process
hd devices

qnd design

conducted

be subjected to various“environmental stresses during sterilization, such as vacuum andl pressure

zing agent
 exposure
ost severe

challenge to [the product ibeluding the package. If applicable, the effects of multiple exposures to the sterilization
process are gvaluated.

E.4.2.2 Depign tolerances and configuration
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distribution. If fitments are intended to maintain sterility, they are designed to avoid inadvertent contamination of
surfaces intended to be sterile.

E.4.2.3 Materials composition

It is important to select materials that exhibit adequate resistance during sterilization to chemical and physical changes
caused by the sterilizing agent and/or any diluents over the anticipated range of sterilization conditions. Properties of
materials required to satisfy requirements for product performance such as physical strength, permeability, physical
dimensions and resilience, are evaluated after sterilization to ensure that the materials are still acceptable for use.
Degradation effects due to exposure to the sterilization process, such as crazing, embrittlement and phase separation
should be determined, and resistant materials specified. Materials should also allow sufficient sterilizing agent,
transmission or permeation to ensure that target surfaces and materials are sterilized. The materials should allow
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aeration (if applicable) within a reasonable time and retain biocompatibility. Methods for determining residuals of the
sterilizing agent should be selected and validated during product development. If applicable, the effects of exposure to

multiple sterilization processes are evaluated.

E.4.3 Packaging considerations

E.4.3.1 General

The major function of a package for a sterilized medical device is to ensure that the product remains sterile until used.
During sterilization, the package is intended to withstand the process conditions without a negative effect on overall

product qu

ality (e.g. generation of particulates).
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considerations are addressed in more detail in ISO 11607.

Primary packaging

cting a primary package for a product that is to be sterilized, certain major desigh and manufag
ered with respect to the particular sterilization process. If penetration is fegquired, the permg
b the particular sterilizing environment is of utmost importance. For nonpermeable packagir
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ded that preliminary evaluation of the maintenance of primary package integrity be conducte
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rility (e.g. closures) should be demonstrated to maintain their. integrity during and following ex
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Secondary packaging

of the secondary packaging to protect the product during customary handling and distributi
ted. If the secondary packaging is to be exposed to the sterilization process evidence is gene
condary packaging can withstand the process without losing its ability to protect the product
of the materials from which the secondary packaging is made on the attainment of sterilizi
process is established, together with.the effect of resterilization (if applicable) on the secondary
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bfinition is undertaken to define the process parameters for a sterilization process, which wi
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efinition_jAeludes at least two bodies of work; one directed at assessing the impact (if any)
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process pTrameters which will achieve the specified requirements for sterility for the product.

E.5.2 Influence on product and packaging

As sterilization does not typically improve product performance, a careful selection of values and tolerances for
each process variable should be undertaken during process definition. In general, those variables which, when
increased, significantly improve sterilization effectiveness without adversely affecting product performance should
be maximized during this stage. Conversely, those variables which, when increased, adversely impact product
performance without significantly improving sterilization effectiveness should be minimized during this stage. In
addition, if there is a threshold value observed during these studies above which significant adverse effects on
product or packaging are observed, it should be documented.
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